A canonical switching cell is proposed from which the three basic DC-DC converter topologies can be derived.
In order to analyze this three-terminal net work in the most general way, it will be assumed that none of the terminals is grounded. 
THE CANONICAL CELL
The canonical switching cell is defined in Figure 1 where the inductor current is assumed to be continuous. The capacitor, C, is included to provide an AC short circuit between terminals 1 and 2 so that the external circuit need not carry discontinuous currents. In this case the switch is realized by a diode from X to Β and a transistor from X to A, as shown in Figure 2 . Note that the output current is con tinuous but contains the inductor ripple current. The input voltage will be essentially constant with only the capacitor ripple voltage present. The input current will contain a small continuous tri angular ripple current if the capacitor impedance is low compared to the source impedance. 
Note that an appropriate substitution of devices for the switches has been made. Th:'s circuit can also be considered bidirectional, as described above, with the relationship between V^ and V^ as stated.
DYNAMIC TRANSFER FUNCTIONS
An analysis of the dynamics of a circuit con figuration involving the canonical switching cell shown in Figure 1 is greatly simplified by the fact that only one dynamic transfer function need be developed. This is a consequence of the alge braic relationships between the terminal parameters (equations 1 and 2) and the assumption of bidirec tional switches which can be replaced by transistors and diodes in the final configurations. The circuit operation reveals that these ripple currents and input current ripple can never cancel but only approach zero as L and C approach infinity.
TERMINAL CURRENTS

TOPOLOGICAL TRANSFORMATIONS
A new coupled-inductor optimum topology con verter, which has been described by Cuk, et al.. Thus neither circuit appears to have an advantage over the other. The statement that energy trans fer is capacitive is also seen to be untenable.
CONDITIONS FOR ZERO CURRENT RIPPLE
The questions of the size and path of the current ripple can also be investigated with the OBSERVATIONS The unique properties of the "continuous" buck-boost converter are a consequence of the location of the filter capacitor which provides a path so that input and output currents need not be discontinuous. From this observation we are lead to ask: Can we provide the same property for an "isolated" flyback type converter?
In addressing this question we will take the turns ratio to be unity for convenience. Figure 9 shows a typical flyback circuit in which a current transformer has been added to couple the input and output filter capacitors so that the input current does not have a discontinuity when the transistor is turned off (or on). This circuit should have continuous in put and output currents. Further, we are free to transform the configuration in a manner similar to that previously employed in reaching Figure 8 . In particular, the capacitor connections can be slid through the transformer as discussed above to yield an isolated Cuk-type converter.
FIG. 9 CONTINUOUS-CURRENT FLYBACK CONVERTER
In the former case (Figure 9 ), the main transformer has higher I 2 R losses but the current transformer supports almost no volt-seconds. In the latter case (isolated Cuk circuit), the main transformer has less I 2 R losses but the current transformer now supports volt-seconds equal to that of the main transformer, which probably increases the I R losses in the current transformer.
OTHER TOPOLOGICAL TRANSFORMATIONS
By splitting the inductor, transposing devices and windings, and sliding the capacitor through the transformer, the up-and down-converters can be similarly transformed to Cuk configurations. Figures 10 and 11 show the final forms. 
